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Adsorption of methanethiol onto the three, high symmetry gold surfaces has been studied at 
the density functional level using a linear combination of atomic orbitals approach.  In all 
three cases the bond energy between the thiolate radical and surface is typical of a covalent 
bond, and is of the order of 40 kcal.mol-1.   For the (111) the fcc hollow site is slightly more 
stable than the bridge site.  For the (100) surfaces the four-fold hollow is clearly the most 
stable, and for the reconstructed (110) surface the bridge/edge sites either side of the first 
layer atoms are preferred.  The calculated differences in binding energy between the three 
surfaces indicate that the thiolate will preferentially bind to the Au(110) or (100) before (111) 
surface, by about 10 kcal.mol-1.  The (110) surface is slightly more favourable than the (100), 
although the energy difference is only 3 kcal.mol-1.  The results suggest the possibility of 
selectively functionalising the different facets offered by a gold nanoparticle. 
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Since the early 1980’s there has been an increasing interest in self-assembled 
monolayers (SAMs) [1] as a means of controlling the surface properties of noble metals, and 
in particular gold [2,3].   These systems also provide a convenient platform for attaching a 
wide range of functional groups (including biomolecules) to the surface with potential 
applications in molecular electronics and sensors [4,5]. 
The most commonly studied systems are thiolates, and in particular alkanethiols, 
adsorbed onto the Au(111) surface [6,7]. The Au(111) surface is chemically inert and it is 
easy to prepare surfaces relatively free of contaminant molecules.   The Au-S bond is 
energetically quite stable and so high quality, ordered monolayers are also relatively easy to 
prepare.  Thiolate ligands adsorbed onto Au(111) are therefore model systems for 
investigating how surface properties such as wetting [8,9], friction [4,10], and conduction 
[11] can be tuned via SAMs.   A variety of experimental techniques have been employed to 
characterise the structure and properties SAMs including ellipsometry [9,12], atomic force 
microscopy [7,13], scanning tunneling microscopy [14], x-ray diffraction [15], contact angle 
[9,12], and Fourier transform infra-red spectroscopy [16]. 
Theoretical studies also play an important role in understanding the properties and 
behaviour of SAMs. Molecular mechanics methods can simulate the dynamic behaviour of a 
SAM consisting of many thousands of molecules, but depend upon an a priori knowledge of 
the various interactions.  First principles and semi-empirical studies can map the potential 
energy surface of the gold-thiolate molecular interaction and identify preferred adsorption 
geometries and binding energies.   The literature contains a number of such studies [17] [18-
21],  but has generally followed the experimental lead and been confined to the Au(111) 
surface.  
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 In the present study we are interested in exploring these issues, and more importantly 
extending our knowledge to the other high symmetry surfaces, namely the (110) and (100) 
surfaces.  This has important implications not only to our understanding of the energetics of 
the bulk surfaces but to the structure of gold nanoparticles.  These are finding increasing 
application as building blocks in a variety of nanostructures and devices due to their unusual 
chemical reactivity and optical properties such as infrared adsorption [22].  They are 
commonly prepared through wet chemical means and are thus usually surface passivated. In 
addition, by investigating the relative adsorption energetics of these surfaces it may be 
possible to devise strategies for controlling the growth of nanoparticles or preferentially 
functionalising the different surfaces presented by the nanoparticle. 
 Below we present the results of a Density Functional theory study of adsorption of the 
SCH3 molecule onto the Au(111), (110) and (100) surfaces.  For each surface we have 
identified the preferred binding site and binding energy.  In all our calculations full coverage 
is used, that is all the equivalent adsorption sties are occupied by an adsorbate molecule.  
Although this is a rather simplified system compared to experimental SAMs which use more 
complex molecules, it is nonetheless the appropriate starting point for these studying larger 




Our calculations were performed using the SIESTA [23] code. This package 
implements Density Functional Theory (DFT) [24] within the linear combination of atomic 
orbitals (LCAO) approximation.  The generalised gradient approximation (GGA) was 
employed using the PBE exchange-correlation functional [25]. All calculations were spin 
unrestricted. 
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Core pseudopotentials for Au, S, C, and H were constructed according to the scheme 
developed by Troullier and Martins [26], with relativistic corrections used in the case of Au 
atoms.  Cut-off radii for Au were 2.35 a.u. for l = 0,1, and 1.5 a.u. for l = 2 and 3. Cut-off 
radii for C, S and H were 1.34, 1.5 and 1.25 a.u. respectively, independent of l.  The 1s 
electron of H, 2s and 2p of C,  3s and 3p of S,  and the 6s and 5d of Au are described by a 
double-zeta basis set with a polarization function. The atomic orbitals are strictly localised in 
SIESTA, falling to zero outside a cut-off radius.  The cut-off radius is specified by giving an 
energy-shift, that is the energy rise in the orbital due to confinement, and a compromise is 
sought between computational speed and cut-off.  Figure 1 shows the total energy of the 
SCH3 molecule and gold slab as a function of energy-shift.  Adsorption energies were 
calculated using an energy shift of 0.0005 Ry, where total energies are converged to about 
0.05 eV.  The equivalent plane-wave cut-off of our calculations is 110 Ry.  
Geometry optimisations were performed using the conjugate gradient method with a 
convergence criteria of 0.04 eV.Å-1.  The default convergence criteria for the SCF cycles at 
each stage of structure optimisation was used, that is 10-4 eV. 
The well known basis set superposition error (BSSE) is inherent to atomic orbital 
based self-consistent calculations, and will introduce an error into the calculated interaction 
energies, in this case adsorption energies.   Imbalance in the basis sets used to describe the 
interacting particles lead to variational differences and commonly results in overestimates of 
the interaction [27].  Counterpoise corrections as described by Boys and Bernardi  [28] have 
been used in this work to attempt to estimate this error in our adsorption energies.  The total 
system energy for adsorbate-substrate was first calculated then the energies for the separated 
substrate and adsorbate by ghosting the appropriate set of atoms was calculated.  In this way 
the total system, and its separated constituents have exactly the same variational degrees of 
freedom.  The corrections behave as expected making the energies of the separated 
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components more negative and reducing the binding energy compared with having no BSSE 
corrections.  For the three surfaces studied, adsorption energies are reduced by about 10 % 
after counterpoise correction. 
The SIESTA code employs periodic boundary conditions.  Calculations for the gas 
phase thiol molecule were carried out by placing the molecule in a sufficiently large unit cell 
so that interaction between the periodically repeated molecules was negligible.  A lattice 
parameter of 10 Å was used.  Only a single k-point is required for the molecular calculation.  
In the case of bulk gold or gold slabs a 7x7x7 (196 k-points) or 7x7x1 (28 k-points) 
Monkhorst-Pack [29] k-grid was found to give a reasonably converged total energy.   Figure 
2 shows the energy of the bulk gold unit cell as a function of the number of k-points.  The 
variation in energy beyond 196 k-points is only about 0.01 eV.  A 7x7x7 k-grid is therefore 
sufficient for bulk calculations, and a 7x7x1 k-grid for the slab calculations. 
As a preliminary test of the calculations a geometry optimisation of the gas phase 
molecule was performed giving a geometry in good agreement with experiment.  As a further 
test of the quality of the pseudopotentials employed we have also calculated the bulk lattice 
parameter for Au at the local density approximation (LDA) (using the Ceperley-Adler 
functional [30]) and GGA (PBE functional [25]) level.  The LDA calculation gives a lattice 
parameter of 4.097 Å compared with the experimental value of 4.0782 Å [31].  Inclusion of 
gradient corrections expands the lattice parameter to 4.187 Å. 
Adsorption calculations were performed with a 5 layer slab and a 10 Å vacuum gap in 
the z direction.  With metallic substrates relatively thick slabs are required in order to 
reproduce adequately a bulk material terminated by a single surface.  Five layers is about as 
thick as practicable in terms of computational resources, and gives adsorption energies that 
are converged to about 2 kcal.mol-1[19-21,32,33]. 
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Our methodology for investigating the adsorption energetics has been to find the 
global minimum of adsorbate plus substrate for the three surfaces.  Rather than perform 
complete relaxation of five layer slab + molecule (which is a prohibitively large calculation) 
we initially optimise the slab and molecule independently.  The relaxed molecule is then 
placed 2 Å above the relaxed slab at various initial sites, and the adsorbate and surface layer 
of the slab undergoes a further unconstrained relaxation. From the symmetry  of the (111), 
(110) and (100) surfaces only a limited number of starting points for the adsorption 
calculations were needed for each surface, these are shown in the lower part of Figure 3.  The 
upper part of this figure shows how these surfaces relate to the facets of a gold nanoparticle.   
This is in contrast to other work in the literature where it is common to move a rigid 
molecule across the surface and map out the potential energy surface.  Both have their 
advantages and disadvantages. Our method should, in principle, find the optimum adsorption 
geometry and energy. 
The unit cell of the five layer slab has been chosen such that for the adsorption 
calculations there is full coverage, that is for any one calculation all symmetry equivalent 
sites will be occupied by a thiol molecule.  It must be remembered, however, that the (110) 
surface undergoes a (2x1) reconstruction, as discussed below, so that the absolute coverage 
in this case is lower than the other two surfaces.  The unit cell used for the (110) surface is 
effectively twice as big as the (111) or (100) surfaces.  A 2x2 surface unit cell for the (111) 
and (100) adsorption calculations was used, giving a  separation of nearly 6 A between 
adjacent adsorbed sulphur atoms.   Spacing between molecules on the (110) surface is even 
larger.  It is expected that interaction between adjacent molecules is negligible. 
 
RESULTS AND DISCUSSION 
A. Relaxation of the Au Substrates  
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Five layer gold slabs, for each of the surface symmetries (111), (110) and (100) were 
relaxed by geometry optimisation keeping only the deepest layer atoms constrained in their 
positions. The results are shown in Table 1. We have presented the relaxation of the layer 
spacings in terms of the average z positions of the atoms in each layer.  
For the (111) surface, the overall behaviour of the slab is a contraction, which is 
consistent with expectation, since the surface possesses none of the symmetries in z that exist 
in the bulk. The spacing changes in percentage terms were found to be (counting the surface 
layer as the zeroth 1st layer) d012 equal to –1.43 %, d123 equal to –2.35 %, d234 equal to –2.25 
%, d3454 equal to –0.48 %.  Since only the bottom layer of atoms is constrained in our 
calculation the slab has two surfaces and both surfaces are allowed to relax.  At first it seems 
surprising that the relaxations are therefore not symmetric with respect to the two surfaces, 
that is the contraction in d12 would equal d45, and d23 would equal d34.  The results indicate 
that while the change in d23 does indeed equal d34, the changes in d12 and d45 are not equal. 
One explanation for this is that the packing sequence of layers repeats every 4th layer (due to 
the ABC packing sequence of the FCC lattice). Hence the first and fifth layers of our slab are 
not in fact identical.  
Our calculations give the relaxed (110)  surface as the so-called missing row (1x2) 
reconstruction as reported by Hofner and Rabelias [34] and others. The structure of the (1x2) 
reconstruction has been studied in detail by a number of experimental means. The consensus 
is in favour of the missing row model (MRM) in which every second 
 
110[ ] row is missing, 
and the accepted picture involves contraction of the outer layer, small pairing of the next 
layer, and buckling of the third layer. Compared to the other surfaces under consideration 
here,  Tthe Au(110)his surface relaxation shows a much greater change of interlayer 
spacings, with d012 equal to –24.16 %, d123 equal to –21.17 %, d234 equal to –8.31 % and d345 
equal to –20.00 %. In order to check whether the thickness of the slab effects the surface 
 9 
relaxation in this case we repeated the calculation for a 10-layer slab.  The results are  
entirely consistent with those reported in Table 1.  In addition, a 10 layer slab without the 
missing row surface reconstruction also shows a substantial decrease in interlayer spacing.  
The large relaxation is a property of the open (110) surface and is not necessarily attributable 
to the missing row.  In this case because the fifth layer atoms are fixed they cannot 
reconstruct to form the missing row pattern, hence we expect an asymmetry in the layer 
spacings of opposite faces of the slab. The value wes obtained for the contraction of the first 
layer d1201 (~ -0.3 Å) are is consistent with those reported (both theoretical and experimental) 
elsewhere in the literature [35], which range from -0.16 Å to -0.40 Å. However, there is a 
disagreement with the d23 spacing change which is reported to be in the range – 0.04 Å to –
0.07 Å, while we found a value of –0.31 Å. The pattern that emerges in our results shows a 
similar degree of contraction in d12, d23 and d45, with d34 being around one third the size of 
the other spacing changes. This is unlike the findings of other groups, where there is a larger 
change in the outer spacing d12, followed by much less pronounced changes in the next two 
deeper spacings.  
For the (100) surface the spacing changes in percentage terms were found to be 
(counting the surface layer as the zeroth 1st layer) d012 equal to –1.38 %, d123 equal to –0.50 
%, d234 equal to –0.73 %, d3454 equal to –1.22 %.    In this case there is a symmetry between 
the relaxation of the two sides of the slab because the repeat sequence is every other layer, 
hence the first and fifth layer are now identical. 
 
B. Adsorption 
Before describing the results of adsorption calculations for the three surfaces it is 
important to emphasise that the adsorbate is not constrained to remain at the initial site 








adsorbate will not substantially alter its position.   The starting points of the optimisations 
have been chosen to reflect the most likely, stable adsorption sites for each surface based 
upon consideration of the surface symmetry.  In the light of this approach it is convenient to 
refer to each case by its identifying letter, rather than to use the usual surface site designation. 
This convention will be maintained throughout the remainder of this paper.  Neither are the 
surface layer of gold atoms restrained to stay in their initial positions from the slab 
relaxations.  In practice, it turns out that further relaxation of the surface driven by the 
presence of the adsorbate is small, with gold atoms closest to the molecule moving by less 
than 5 % of the layer spacing. 
Four sites were used as starting points for full geometry optimisations, as shown in 
the leftmost image of Figure 3.  The final adsorption energies, tilt angle of the adsorbate with 
respect to the surface normal, and distances to the nearest surface gold atoms are given in 
Table 2.  In the a, b and c cases there are two nearest neighbour surface Au atoms to which 
the sulphur atom bonds, whereas in case d there are 3 equidistant surface atoms.  The 
corresponding final adsorption geometries are shown in Figure 4.  The starting configurations 
b and c give the most stable optimised geometries.  The adsorption energies, tilt angle and 
adsorption height are the same for these two starting points, within the reliability of the 
calculation.  However, as can be seen from Figure 4 the final adsorption site is different (b 
corresponds to the sulphur atom sitting above the fcc hollow site and c to the bridge site). In 
these two cases the starting point for the optimisation was indeed close to the final point, that 
is the fcc site for b and bridge site for c 
A Mulliken population analysis indicates there are significant concentrations of 
charge between the S atom and two Au atoms in each case for both the b and c 
configurations. In the b case, there is 0.21e of charge recorded as the overlap population 
between the S atom and the two bonded Au atoms, as compared to 0.08e and 0.008e to the 
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other surface Au atoms. The overlap population between the S and C in this case is 0.82e. In 
the c case, there is 0.21e of charge recorded as the overlap population between the S atom 
and the two bonded Au atoms, as compared to 0.08e and 0.038e to the other surface Au 
atoms. The overlap population between the S and C in the c case is 0.83e.  This is in contrast 
to the electron distribution calculated in ref [19], where a relatively uniform electronic charge 
density was found to exist between the S and each of the three nearest Au atoms.  The 
primary contribution to the Au-S bond is the hybridisation between the S 3p orbitals and the 
Au 5d orbitals. 
The a and d starting sites correspond to the on-top and hcp hollow respectively.  From 
Figure 4 it is clear that after optimisation the sulphur headgroup ends up in the same hcp 
hollow site for both these starting positions.  The final geometry of the thiol molecule is 
different in the two cases with the S-C bond tilting 53 and 37 degrees away from the surface 
normal respectively.  This would suggest that there may be a number of local minima in the 
potential energy surface at this adsorption site with respect to tilting of the methyl group 
around the sulphur atom. Hence the adsorption energies are also slightly different. In all 
cases except d, the interatomic Au-S distances range between 2.50Å and 2.54Å, while the d 
case results were between 2.61Å and 2.62Å. Mulliken population analysis in the d case 
shows the Au-S overlap populations between the S and the three surrounding Au Atoms to be 
0.15e, 0.16e and 0.19e, (e being the unit of electron charge).  
From the above results there are three adsorption sites on the Au(111) surface: the fcc 
hollow, bridge and hcp hollow site.  The hcp and bridge sites are the more energetically 
stable, both with adsorption energies of approximately 39 kcal.mol-1.  In both cases the tail of 
the adsorbed thiol tilts at an angle of 42 degrees from the surface normal, compared with the 
experimental value of 28-30°[3].  The hcp hollow site is less stable by about 6 kcal.mol-1.  
The on-top site is not a local minimum for adsorption.  This last point is clearly illustrated in 
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Figure 5 where the total energy of adsorbate plus substrate is plotted as a function of the 
sulphur-substrate distance for each of the four starting points.  In this case the shape and 
orientation of the molecule relative to the surface is held fixed and only the height of the 
molecule above the surface varied.  Minima occur for the fcc, hcp and bridge sites with the 
optimum height occurring at around 2.05Å in each case. By contrast the on-top site is 
unbound. 
Comparing our results for Au(111) with previous work summarised in table 3 we find 
that there is good agreement between our results and those of Yourdshahyan et al [20]. There 
are differences of opinion over the location of the predicted preferred sulphur binding sites 
for thiols (usually SCH3) on the Au(111) surface. Yourdshahyan et al [20] and (separately) 
Andreoni et al [19] have reported that the preferential binding site for SCH3 was the fcc site, 
in contrast to the findings of Beardmore [18,36] and co-workers and also Sellers et al [37], 
who calculated that the hcp site was preferred. Hayashi et al [38] reported in 2001 that the 
bridge site (slightly off centred towards the fcc hollow site) was the preferred site for methyl 
thiolate. Vargas et al found in favour of the fcc site [33]. In 2002 Molina and Hammer [21] 
reported finding that the bridge site was energetically favoured. Fischer et al reported in 2003 
[39] that bridge site was favoured for C10H21S, in contrast to the group’s earlier published 
work for SCH3 [19]. Majumder et al [40] in 2003 found the threefold coordination site on a 
truncated model of an Au(111) surface. Direct comparison of these results is difficult due to 
differences of approaches, because some groups are examining clusters while others are 
using slab geometries in periodic systems, and further, not all slabs have the same number of 
layers. A further difficulty lies in the different computational approaches taken by various 
groups, with some using plane wave codes [20,21] while others[18,36] have used LCAO 
based codes.  
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The reconstructed (110) surface of gold was sampled at eight starting locations as 
specified in Figure 3 above.  The results  of the geometry optimisation from these 8 starting 
points are given in Table 4 with the final geometries shown in Figure 6.   There are two 
minima with respect to the location of the sulphur head group over the substrate.    Starting 
points a, b, c, e, f and g all relax to the thiol adsorbed over the step edge formed by the 
missing row of gold atoms.   The orientation of the methyl group with respect to the substrate 
following relaxation varies amongst the 6 starting points giving adsorption energies that are 
either close to 47 kcal.mol-1 or 51 kcal.mol-1. Clearly there are, again, a number of local 
minima with respect to rotation of the methyl group around the sulphur atom.  This is an 
important point and demonstrates that attempting to locate adsorption sites by potential 
energy surface mapping with rigid molecule in a fixed orientation is problematic.  Staring 
points d and h relax to the same adsorption site where the sulphur is located above the 
hollow.  Two different adsorption energies, 41 and 36 kcal.mol-1  are found in this case due, 
again to the orientation of the methyl group, however both are significantly lower than the 
step edge site. 
There are two adsorption sites on the reconstructed (110) surface. Adsorption at the 
step edge formed by the missing row is the more energetically stable with an adsorption 
energy of approximately 51 kcal.mol-1.  The four-fold hollow adsorption site has an 
adsorption energy of approximately 41 kcal.mol-1.  It appears that the preferred tilt angle for 
the methyl group relative to the surface normal for both adsorption sites is of the order of 35 
degrees.  
The Mulliken overlap population analysis shows a similarity of bond formation in the 
a, b, c, e, f and g cases with an average Au-S bond population of 0.16e, whereas there are 
distinct differences with the d and h cases, with the d case Au-S population overlaps are an 
average of 0.4e lower in charge than the other cases, which is consistent with the weaker 
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adsorption energy in that instance. The h case is dissimilar from all other cases in the Au-S 
overlap populations, with bond populations of 0.19e, 0.11e and 0.11e, the only result that 
indicates, for this surface, that three Au atoms are involved  
Only three starting sites were necessary for the Au(100) surface, given its high degree 
of symmetry.   These are shown in Figure 3.  Results of the relaxation from these three sites 
are given in Table 5 and shown in Figure 7.  These three starting geometries all relax to the 
same final adsorption site with the sulphur atom sitting in the four-fold hollow.  The 
adsorption energies range over approximately 5 kcal.mol-1 depending upon the final 
orientation of the methyl group.  The maximum adsorption energy occurs with the methyl 
tilted at 49 degrees to the surface normal and gives an adsorption energy of 48 kcal.mol-1.  
Mulliken population analysis reveals the Au-S overlap populations in the a case to be 
significant (greater than 0.1e) with respect to only one of the nearby gold atoms, and in the c 
case there are no charge concentrations above 0.1e between the S and any of the 
neighbouring Au atoms. In the b case, the Au-S overlap populations are 0.17e with the two 
nearest neighbour gold atoms, in a geometry similar to that seen on the Au(111) surface 
(cases b and c). 
 
CONCLUSIONS 
In this paper we have reported ab initio calculations of the adsorption of methane 
thiol on the three high symmetry gold surfaces.  A density functional method within the 
linear combination of atomic orbitals approximation has been used to perform unconstrained 
relaxation of the molecular adsorbate on a previously relaxed 5 layer substrate.  Starting 
geometries for the relaxations have been chosen based upon the symmetry of each surface, 
with 4, 8 and 3 starting geometries for the (111), (110) and (100) surfaces respectively.  
Double-zeta basis sets with a single polarisation function were used throughout to represent 
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the valence electrons, with the core electrons replaced by pseudopotentials.  This 
representation reproduces the experimental gas phase structure of methane thiol and crystal 
structure of bulk gold well. 
Relaxation of the five layered substrates produces a contraction of the surface layers 
of the order of a few percent for (111) and (100) surfaces.  The calculations give a 
reconstruction of the (110) gold surface to produce the well-known missing row structure.  
This surface reconstruction is accompanied by a strong contraction of the surface interlayer 
spacing of the order of 20 %. 
The most energetically stable adsorption sites for the three relaxed surfaces have been 
identified, these are the fcc hollow, step-edge and four-fold hollow for (111), (110) and (100) 
surfaces respectively.  The (110) surface is the most open and reactive of the three and as 
expected gives the largest adsorption energy:  51 kcal.mol-1.  The (100) and (111) are less so 
with adsorption energies of 48 kcal.mol-1 and 39 kcal.mol-1 respectively.  However, whether 
the present calculations are capable of resolving unambiguously energy differences of 3 
kcal.mol-1 is debateable.  The single largest source of error is likely to be the basis set 
superposition error.  We have attempted to account for this using counterpoise corrections, 
albeit only as an estimate of this error. 
 The present work is a first attempt at answering the question of whether it is possible 
to selectively functionalise the three high symmetry surfaces of gold.   It deals with a rather 
idealised system involving gas-phase adsorption of isolated molecules, but is the appropriate 
staring point. The results of the calculations indicate that it is indeed possible to selectively 
adsorb to the (110) or (100) surface compared with the (111) surface, the energy difference 
being 10 kcal.mol-1.  Evidence for selective adsorption between the (110) and (100) surfaces 
is less definite from our calculations with the energy difference of 3 kcal.mol-1 falling close 
to the likely reliability of the calculations.  The interaction between the tail groups when the 
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adsorbates are close-packed into a self-assembled monolayer, which is mainly dispersive in 
nature,  is not captured in the above DFT calculations.  One might anticipate that the 
adsorption is dominated by the sulphur-gold interactions, while interactions between the 
adsorbed molecules determine the details of the molecular orientation within the SAM. 
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Figure 1. Total energy of the thiol molecule and bulk gold as a function of orbital 
confinement.  Energy shift is the orbital excitation energy due to orbital confinement, as the 
energy shift tends to zero the confinement tends to zero. 
 
Figure 2. Energy for bulk gold unit cell as a function of number of k-points.  Total energy is 
given relative to energy for a single k-point. 
 
Figure 3. Illustration of the facets presented on an idealised 236 atom Au cluster, the darker 
atoms in each case indicate the facet of interest. Below, the corresponding surfaces used for 
simulation purposes are shown, with the calculated adsorption sites indicated. 
 
Figure 4. Optimised adsorption geometries for SCH3 on Au(111) surface. Each configuration 
is shown as viewed from the side (left) and from the top (right). Initial starting points are 
those illustrated in the lower, left item of Figure 3. 
 
Figure 5. Total energy of Au(111)-SCH3 system as a function of distance from the surface at 
the various adsorption sites. 
 
Figure 6. Geometry optimised configurations of SCH3 on Au(110) missing row 
reconstructed surface. Each configuration is shown as viewed from the side (left) and from 
the top (right). Initial starting points are those illustrated in the lower, centre item of Figure 3.  
Arrows on the extreme right of the figure indicate direction of the side-views. 
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Figure 7. Geometry optimised configurations of SCH3 on Au(100) surface. Each 
configuration is shown as viewed from the side (left) and from the top (right). Initial starting 
points are those illustrated in the lower, right item of Figure 3.
 21 
Table 1.  Relaxation of five layer slabs with (111), (110) and (100) surface symmetries. 
  (111)   (110)   (100)  
layer d (Å) ∆d (Å) ∆d(%) d (Å) ∆d (Å) ∆d(%) d (Å) ∆d (Å) ∆d(%) 
d45 2.406 -0.01 -0.48 1.184 -0.296 -20.00 2.051 -0.025 -1.22 
d34 2.363 -0.05 -2.25 1.653 -0.123 -8.31 2.087 -0.015 -0.73 
d23 2.361 -0.06 -2.35 1.290 -0.313 -21.17 2.082 -0.010 -0.50 
d12 2.383 -0.03 -1.43 1.436 -0.357 -24.16 2.059 -0.029 -1.38 
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Table 2. Adsorption energies for SCH3 on Au(111) obtained by geometry optimisation with 









a -31.12 (fcc)   
b -39.26 (fcc)   
c -38.91 (Bridge)   
d -34.52 (hcp)   
e    
f    
g    
h    
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Table 3. Comparison of results presented within the surveyed literature for calculated 
adsorption of SCH3 on the Au(111) surface. 
Ref Calculation Type 
and XC functional 








This work LCAO PBE Yes 5 layer slab bridge 39.26 2.07 42 









39.96 2.03 43.2 




Yes 4 layer slab fcc 55 n/a n/a 
Beardmore et al 
[18,36] 
LCAO LYP Yes 17 atom 
cluster 
hcp n/a n/a 0 
Sellers et al [37] HF  Yes cluster hcp n/a 1.905 0 
Hayashi et al [38] PW PBE Yes 4 layer slab bridge 12.47 n/a 52.7 





n/a 4 & 5 layer 
slab 
bridge 38.5, 26.1 n/a 63 
Majumder et al 
[40] 
PW PW91 n/a cluster fcc 53.8 n/a n/a 
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Table 4. Adsorption energies for SCH3 on Au(110) at the sites indicated on Figure 3. 
 
site Eads (kCal.mol-1) Tilt (deg) DAu-S (Å) 
a -51.10 33.0 2.46, 2.46, 3.26 
b -51.04 17.4 2.46, 2.47, 3.16 
c -46.04 0.7 2.46, 2.46, 2.81 
d -41.04 38.5 2.54, 3.13, 3.59 
e -50.94 15.9 2.47, 2.45, 4.31 
f -47.75 15.91 2.45, 2.46, 2.74 
g -47.68 14.47 2.45, 2.46, 2.71 
h -36.38 9.3 2.56, 2.81, 2.62 
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Table 5. Adsorption energies for SCH3 on Au(100) at the sites indicated on Figure 3. 
Site Eads (kCal.mol-1) Tilt (deg) DAu-S (Å) 
a -43.77 42.4 2.48 
b -48.38 49.0 2.47, 2.46 
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